We demonstrate all-optical time division demultiplexing from 160Gb/s to 10Gb/s in the C-band, based on four-wave mixing (FWM) in a silicon nanowire. We achieve error-free operation with a system penalty of ~ 3.9dB at 10 -9 BER.
Introduction
All-optical nonlinear signal processing is critical for future telecommunication networks to address the growing demand for network flexibility, low cost, energy consumption and bandwidth as they evolve from 40 Gb/s to 160 Gb/s and beyond [1, 2] . A key approach to reducing operating power requirements has been to increase the nonlinear parameter, γ = ω n 2 / c A eff , where A eff is the waveguide effective area. Both silicon and chalcogenide nanowires have achieved extraordinarily high γ 's ranging from 15 W −1 m −1 in ChG waveguides to 95W −1 m −1 in ChG tapered fiber nanowires, to 300W
−1 m −1 in Si. This has led to impressive demonstrations of all-optical demultiplexing at 160Gb/s in ChG fibre nanwires [3] and, recently, at 640Gb/s in ChG waveguides [1] . Currently, however, the record speed for all-optical signal processing in silicon nanowires is 40Gb/s [4, 5] , even though in principle these devices are intrinsically capable of operating at much higher speeds.
In this paper, we report record high bit rate all-optical signal processing in silicon nanowires. We present time division de-multiplexing of a 160Gb/s (33% RZ, PRBS) down to 10Gb/s in the C-band, with system penalty measurements of a 2 31 -1 pseudorandom bit sequence (PRBS), and achieve a system penalty of ~ 3.9dB at 10 -9 BER. Our results show that free-carrier dynamics, whilst they do negatively influence device performance, do not pose a barrier to device operation at extremely high bit rates, as the timescale for carrier recombination is much longer than the inter-bit period. This work represents a key milestone in all-optical signal processing devices. Figure 1 shows the principle of FWM-based demultiplexing. A high bit rate signal (frequency f s ) is copropagated with a sub-harmonic pump pulse train (frequency f p ). FWM between coinciding signal and pump pulses generates idler pulses at a carrier frequency f i = 2f p -f s that is filtered and directed to a receiver (or re-routed) without electronic conversion or regeneration. In our experiments the FWM occurs in a 1.1cm long silicon-oninslulator (SOI) "nanowire" with dimensions of 450nm wide x 260nm thick, fabricated by electron-beam lithography and reactive ion etching. The waveguides were coated with SU8, and contained "inverse" taper regions to reduce coupling losses. Propagation loss was ∼ 4dB/cm and coupling losses were 6dB/facet (using lensed taper couplers) resulting in a total insertion loss of 19dB (TE pol.) and 13dB (TM pol.). The total dispersion (waveguide plus material) is anomalous for TE and small but normal for TM. The experimental setup for 160Gb/s demultiplexing is shown in Fig. 2 (top) . The 160 Gb/s signal was generated from a 40 GHz mode-locked fiber laser emitting 1.4 ps, 1.8 nm bandwidth pulses at λ = 1565 nm. A Mach-Zehnder electro-optic modulator encoded data on the pulses at 40 Gb/s with a 2 31 −1 PRBS, and a two-stage multiplexer (MUX) of 2 7 −1 bit delay-length interleaved the signal up to 160 Gb/s (pulse width 1.9 ps, 30 % duty cycle). The pump pulse train was sourced from a 10 GHz MLFL (2.3 ps long, 1.1 nm bandwidth at 1546 nm, average power = 11 mW, peak power ≈ 0.5 W inside the a1690_1.pdf
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CThN6.pdf 978-1-55752-890-2/10/$26.00 ©2010 IEEE waveguide. synchronized to the 160 Gb/s signal (using the same 40 GHz RF clock), pre-scaled to 10 GHz (in place of using a 10 GHz clock recovery circuit). The (TE polarized) signal and pump were combined with a 50:50 coupler and amplified by an erbium-doped fiber amplifier (EDFA) before launching into the waveguide with polarizations aligned via polarization controllers (PC). An optical delay line (∆T) aligned the pump pulses with the channel of the 160 Gb/s signal to be demultiplexed. The average signal power was 4 mW (in the waveguide, or ~16 mW peak incident) for a combined launch average power of 60 mW. 
Results and Discussion
The optical spectra at the waveguide output (Figure 3) shows the pump and signal spectra ( > 10 nm wavelength separation) as well as the idler spectra at 1528nm generated by FWM. Figure 3 also shows the output optimized eye diagram of the demultiplexed 10 Gb/s idler, extracted by tunable bandpass optical filters, highlighting the effective demultiplexing operation that has been achieved. Finally, Figure 3 shows the system penalty measurements indicatiing a penalty of about 3.9dB at 10 -9 BER relative to back-to-back measurements. A significant reduction in both the system penalty and operating pump power are expected by reducing couple and propagation losses as well as optimizing the waveguide material dispersion into the anomalous regime [6].
Conclusions
We demonstrate record bit rate error-free all-optical demultiplexing, from 160Gb/s to 10Gb/s, based on four-wave mixing in a silicon photonic nanowire. We achieve a system penalty of 3.9dB at a BER of 10 -9 . CThN6.pdf
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